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* AFS0M S| Folef Ty Hl, T S Ofafettt

* A B9t He ol FOIS Ofatigitt

* Gul YO 2 Qo EHIFL Sl YA 29 ELES OlatRiTt
SuFX| 7z ok SwO I XE L= Y, S M= B0 F7FYYS Olsettt

* 3 OllLIR| HI7F Al S 22 SEAo| 9 S OfofigiCt

* G X 2A9 7= BAIS O[oHITt

* QIHE X UHE A Al S 29 ! Sl M o CHol Ofo2tT

B 20 ols

®© Eu2| 2| (ISO 10211)

o 12 UM FEHO 2 HR(heat flow)7t H3tel= 2LIE 20|
» Thermal bridge, cold/warm bridge2& X|A= — "&0| 0|S5t= L2

©1S0 10211*9] Folof| =T L5t 23

= “..partof the building envelope where the otherwise uniform thermal resistance is significantly changed by

@ full or partial penetration of the building envelope by materials with a different thermal conductivity and/or

@ a changein thickness of the fabric and/or @ a difference between internal and external areas, such as

occur at wall/floor/ceiling junctions.---"
" AX 0| SHSHH| RS 2 E QU[o YR - @ CIE BHEZS 1T A E 0t T| TN 52 BES 2S5,

—

@ = FM7} st AHLE, @ LRt 2| o MAo| FHatE "
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>

1XF E= (1-dimensional heat flow) : x& 5028t HO| 0|5
MAH A AFESH= G2 &(W/mK, U-value)2 1x12 922 J1-

2
X

[WimK] :

1.600 r

0.180 E“

. 0.034 =
B

1R S Ol
*ZX{: Jin—Hee Song, et al., Thermal Insulation Performance of Various Opaque Building Envelopes Considering Thermal Bridges, 2016 ASHRAE
Winter Conperence Proceeding

2XH, 3XH &= (2-, 3—dimensional heat flow)
A AS0M= =2 et Tt Fu 216l y=, 7RO 29| ER T SAI0 &
Example of wall-floor and wall-wall junction

Zz

27HE ST OA| SAHE ST OlA

*=X: Jin-Hee Song, et al., Thermal Insulation Performance of Various Opaque Building Envelopes Considering Thermal Bridges, 2016 ASHRAE
Winter Conperence Proceeding
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B QA7|E

@® Construction(material) thermal bridge (FZX/I2H Sul)

rir
oy

O QAT}

e

=gl

OIFI

o HEX & H=EW/mK)0| H2 2915 SHUES0| MO = =2 54, 232E
N

120 22 RIS St 8F 7+ TS 2210 vlsl St
=]

A
= IT
© ZERSOIA YEIHOR TIAN} SOIAE= 2I0|H, 0[2{5H RIS FASI510] 474, AIBSH= 0| 27
exterior

interior

steel anchor
*=X : Schock Ltd, Thermal Bridging Guide, 2018

S S

1(extarnal) 1(internal)

v

SZ(Intemal]

SZ[exiamal] |

*=X : Passive House Institute /& Xtz
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AT LHEHE SSFEO| H-S2tE FER S / M Of2 &S Ao AAH 1F &

ﬁ

7Y OF2f QTHE A AR WH 1Y 29| HE Eu M|

ZX: Jin-Hee Song, et al., Thermal Insulation Performance of Various Opaque
Building Envelopes Considering Thermal Bridges, 2016 ASHRAE Winter
Conperence Proceeding)

ARZI2 1 ZIASR| 34 ABIER Q15 Uil - ME+ES ¥
- AHE 2212 Sof @i YME(0], AEE 22 BH 25 ot
ﬂc itk
pri )
. 00
0°C
C-AE{SE Taf6X| 42 B - 417 A| -
20°C .
. 150
M1 5 125
| ]
0°C
{[11]

100 °C
C-AE|S A5t R opf dety 2 22t

*EX : $718| 9|, C-AEE 0|48 22 HBE MR E AL K| A AHO| £ 8l 245 HOF, KIEAE Journal, 2022

C-AEIES AISSHs ATEE 7448 =
XIZSH0| A2 D282 Fek St 2O, C-ABER Q1) MHOR 27} HOKI= 2 20l 7k5(9)

011A], C-ABEE 11e{olX| §US [t 124oAS el ZO0IS(E)
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® Geometric thermal bridge (715I&X E1)

° TR HEO M2 XA FEO 2 ST HO| SA5H= BT LET= BT

—

x
o U, QI E0| JEE0] HEM/t 2 ASER= U H29 54 o BIEA| 2dok= Sl S

—

interior

exterior

*ZX : Schack Ltd, Thermal Bridging Guide, 2018

K

W

m
A

“1{extemnal)

W

e I |

R

AMVWYA

) SZ{anernal]

*=X : Passive House Institute /& Xtz
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[B.2] uHx|7|

@ M Suet Hd Sl
M& Hi (Linear thermal bridge) : S7H2] 37 & & StLte] 2 M2t s HHO| H&EE= S
- linear thermal transmittance=2 LIEHH] (W/mK)
H& gl (Point thermal bridge) : Y 22X = 748 ZQIEZ Qls @XNQI SE0| Eefhl= 24

- point thermal transmittance2 LIEHH (W/K)

interior exterior interior exterior

dgEn Heum

*ZX : Schéck Ltd, Thermal Bridging Guide, 2018
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— Hot water
/ pipe for
) heating

E: -1 &

7 % 7 2\ 7 %

R A T

m

T,

= !
= ]
£ =
= =
JE =
= = o
7 = =
= :
=
— = =
(a) et A28 (b) 2leted Al2g
Lt vs. QITHE Ba A Hl ST P Ly Be

*EX: S5 2, 2009, X SO AL oft SuMAHY HE SSTEQ| SHP| A Aol B 21t 24, Heiixstal

= [l e

== o= =2
Concrete wall 10 013,
Paint-finished (C-1) Stone (C-2) Metal-sheet (C-3) . 014 .86
Internal insulation ‘External insulation (External insulation (External insulation (0.13) 0.8 :
system (C-la) system (C-1b) system) system) 0.8 _ 0.11
2 vi6o
,E 0 (0.09) 0.62
: X (0.08) 0.49
< 005 043 (.06)
“Thermal v (0.05) (0.05)
Image E 0.4 027 0.29 0.33
g
= 0.2
Uce | 0.27 W/m K (0.05)"" 0.27 W/m K (0.05) 027 W/ K (0.05) 027 W/m* K (0.03) 0.0
Que | 14154 W (482.93)= 54.88 W (187.25) 82.53 W (281.59) 63.93 W (218.13) Ucode C-la C-1b C-2 C-3 S-1 §2a S2b 8-3
U | 0.74 W/m> K (0.13) 0.29 W/ K (0.05) 0.43 W/ K {0.08) 033 W/ K {0.06) Buh P
W fi?
Steel truss curtain wall .
Metal-sheet (5-2) HM A|AHEI O8]
g Without additional With additional g g _ . With internal insulation
Stone (5-1) finsulation of steel trusses fnsulation of steel trusses | e Panel (§-3) 1 Paint-finished (C-1)
(5-2a) (S-2b)
Concretewalls | | o o o terior (c2) With external insulation
© system (C-1b)
~ Metal-sheet (C-3) |
Thermal
Image .
H Stone (S-1)
Steel truss No additional insulation to
i curtain walls (S) [ Metal-sheet (5-2) steel trusses (S-2a)
Uerae | 027 W/m? K (0.05) 027 W/m K (0.05) 0.27 W/m? K (0.05) 0.27 W/m K (0.05) 289 _ a
Qo 154.34 W (526.61) 165,94 W (566.19) 9488 W 73) 11971 08.45) Metal 1(5-3 Additional insulation to steel
Ul 080 W/ m? K (0.14] 0.86 W/m> K (0.15) 0.49 W/m? K (0.09) .62 W/m? K (0.11) 1 etal-pane (s-3) trusses (S-2b!

*ZX]: Jin—Hee Song, et al., Thermal Insulation Performance of Various Opaque Building Envelopes Considering Thermal Bridges, 2016 ASHRAE
Winter Conperence Proceeding
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SN 225 S R ME| ST ARl MUHE FH C-AE|E 29| OF2 0| M At

*EX: ST

© &1 MK ZAOIE

1. Schock Ltd, Thermal Bridging Guide, 2018 (www.schoeck.com)

2. Passive House Institute 1/ Atz (Passivhaus Institut (passivehouse.com))

3. Jin—Hee Song, et al., Thermal Insulation Performance of Various Opaque Building Envelopes
Considering Thermal Bridges, 2016 ASHRAE Winter Conperence Proceeding

4. E53 2|, 2009, HA St AlLHH0l| o BuHAY HE SSFEO| S| SI7H USRS HY

Fit 24 (51715513
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F

(w, Linear thermal transmittance) : 2110{| CHt

i (=]
H=s

t0I(QTB)Z

HEZHQID) A =

=
S

9

20| o/

H2 A
HAZ ©

t

QTB

Additional
heat loss
due to

the slab

*£% : Schéck Ltd, Thermal Bridging Guide, 2018

161



o X|£=HA (external dimension or internal dimension) A1E4
S Q|5 MsA T2 Mol 22 (LBNL THERM, Physibel BISCO 5)

=

=

w=(Q2D-Q1D)/ (length x AT)

U-value

Energy loss:

OLXIEZ A B4l

ZX] : Schéck Ltd, Thermal Bridging Guide, 2018

Energy loss:

L={U-L-h

QZD Q1IZ

Q1D=U >
Qr=y>
U: Rsi+ R1+R2+Rse




X|Z=A|A (external dimension or internal dimension)

- Y= X=HA &2 WE X+AA S A=

Ag HEelE E|H, =

HHHL

'S =2o 71O = aro
- X|=eAA 0] 2 MYy GEFESE 22 T XI0| L 745 TA| QI &4Z2
a T,
d
- —————me »
] I
C
b Ti
U<
(a) ATz H ol SA| (b) 21 Fx|TxAH 0fSA| P—
B vz xasss s usse Aoy R
B un wo 9588 s usss dYY 2R
A FEE 2l W, TE PN S| SHFE +EE Dol ofst HEHs Kot W 24M, St=7istletd |

SofjAl L2 72k

T2 773 : Physibel BISCO, HEAT S

LS OflA|

o272 LBNL(Lavvrence Berkeley National Laboratory)2| THERM

o

[B.2]

ne

W A7

>

2 ofLte| XIS-HAS At
SotA At

=2 Ux(at)

_r U= (a+b+e)

%, 2012.10, pp. 87-90

I'-IIZI

*ZX| : Passive House Institute 1§ XI&

Qp= A"

U, *AT, + A* U,*AT,

U,=U,=1/(0.13+0.01/0.35+0.175/0.99+0.3/0.04+0.01/1+0.04) W/m?/K =0.127 W/(m?K)

Qyp =

AU AT, + AU AT, + W' 1% AT 12

Example: Q,p = 24.083 W/m as per HEAT2-6.0

\P=(QZD'A1*U1*AT'A2*U2*AT) I I ’ ATmax“_z)

Example: ¥, = (24.083 — 0.127%2.25"25 ) W / 1 m / 25 K = +0.678 W/(mK)

L=0495

1 Lanbda (x)

W.

L=0.18

¥ =+0.678 Wi/(mK)
Qg4 = 56.95 kWhi(ma)

» = 0.215 W/(mK)

T=20 R-I] J3

T=20R=013 fgg] =0.85
= 0.495 WI(mK)

T, =16.9°C
fog = 0.88

Tomin = 16.2°C

min
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e

EUZS (X, Point thermal transmittance) : &
o S RIS ekt QII|o| =
(0]
=

22 Lt MUY, 242 Y02 0

%‘%F(QSD)EP

|'()|I

—

X=(Q3D-Q1D)/(n x AT)

-
- U, _
— - 3 =
- /,—
| T
Lip, | Lopa L3p,,
| - | "L~
T |
| |
L2D,4 I U, ILG,z
I AL
[
Lipsl Lyps ILSD,B

7FRIE, W/K
ZHH(Q1D) 2| xf0|(QTB)E

*Z 1 1SO 10211 Thermal bridges in building construction — Heat flows and surface temperatures — Detailed calculation
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[B2] EuHiPls
- AZ 20| O|LIX| Hof A 7|
@:'_:|LLH M= - A=s=9| LK Zef dA 71&
=] — S =20 OF A = el
SEUSHIA M2024-10262, "HE=2] OHXEf 2A7|E,, 2025.1.1 Al
COH?PERSLEY] ATAEN HARIZARA HZY A= ASF2 A7 S2 05 2P 2lld Z5ks AEES HIEES A3 HEFIES A2 FHo= fi=E = Sl
3 2N
L AEE EF H ARE DS AEE 2, HE H BIE 2 T2 40| FAHEEE DEETH
LEL =[5 T2 Y22 AREELE
Ch 2 BHel F 22 SO0t ZHeH] HeS H2HE OS82 SR80, Ve 2UFR = 2212 20 SR HE 4y 2272 2IEH 2 S20] SED S Bt
2t H2el & 2 o= oo el 2 SHA, Sl SEa0] B =5 100 & © 0] HAs S se
O LU =EE 5hs SSFH0IL T 2 22 TE0| 2 H2il=s D2H0] 248 201(Low-E) SET0|L ST 0142 FIELSS s T2 galEhh
HE EHZFE SUM 25 S . HYREE HY 2 o USE YAZEER HPEHSEEHGO), 2§ 22 HEY| SS D2iE ZHIE BTt ASE 2I5H TAEEEAE ildhs 2RH= I
HIE. = DEE =Y S5 2 E S2 AFoH ThHIGHH 2P E S HEStD FH ASSH| WEtA 25 Ti] T2 DafatHor &t
Ab A2 FHHE Z2E 5HH ZMS A2 EHEE F010, SLTH 2T Z25hE ZAE AN HEREE JAMICH
(2% B M%)
Ol X[ HetAH = MA HEA
2. OlUX| 45X E™
2| B (8) i (b) I
[EE] A
@
¢ 8 g L 3 0 oy 1 0.8 2H
me(m,?;:qn;mz 1] 00% 0.0% 0.7% .65 ash
ol |3, 000w
ojgh)
Fa NE D 20028 D 2000 2RI b 2200, 2RIEH D). 2900 200R1SF P 2800 05 R
& |4.200 BRTY DY M5 WK)
" 0,400~ 0,440~ 0.475% 0,515«
- f,géf;;,? SHPE SUOIE) 46| B 6 040 o snior | 0.emoiat | o sicolet | o.ce0le
2 _ _ _
Bolke @ W R WA w2 | @3 | w3 | @2 | @2
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HorEAPYIE [ZH11]0A
A

M Fa=80| 2etdls
S8 7|F (x 74 M=z Z32|E ciaxy i oaE
. =R i oy EZ | M
72| FzaEasey 2e’ | Moo 72| wEamaws A
o %S | 0.520(0.800) . %S | 0.530(0.820)
%’_l - ® 0.485(0.760) = © [ 0.485(0.765)
T-1 . ©+@_[043006%)| Lé ©+@ | 0.435(0.710)
. IW////& @ | 0.440(0.730) — ® | 03/5(0675)
A ©+® | 0.415(0.695) “® | 0.345(0.640)
" - +@+@ | 0.370(0.640) D+2+@ | 0.315(0.600)
7 4= gle | 0.465(0.600) ax 7 |
. IW - § @ 22 | 0.545(0.665)
g B 0] 0.390(0.520) .
T-2 % - L-2 7
| 6] 0.445(0.585) i
. |z - ® | 0.450(0.565)
. 2l a+@ | 0.375(0.510)
g us gls 0.545(0.705) 9= g
» / 92 | 0.520(0.605)
e ® | 0.450(0.605) .
T-3 L= |
FW’W @ |0:54000.700) %
D ge ® | 0.410(0.520)
| — A8 @+@ | 0.450(0.605)
T BAS 471K EfQ), 2671K| RZIOR T2610 YRRl RZIO0IA TH53t B2 29l T2 MHERTES 0f2)
At
g2 | 0.730(1.000)
gl 0.700 DEE® | 0.720(1.000)
az | 2 u=s . g DHD 0.710(0.975)
. ©+@+@+®)| 0.645(0.895)
| |o=z=@| o650 X3 +2+5+® | 0.580(0.850)
zm* DO 0.530(0.790)
a ) ©+@+@ | 0.530(0.800)
@ 0.600 ——
OHZHEI*®) 0.485(0.695)
= % 9z 22 | 0.605(0.740) g2 0.700
al 7 @ 0.605(0.740)
T-8 | | - X-4 || ©E=® | 0.650
IWM ® |0.570(0.705)
U oys @+@ | 0.565(0.700) O+ 0.600
22 RS g8 0.580 g g2 | 0.465(0.885)
7 @ 0.555 T, 0 0.455(0.870)
-9 o X-5 - @ | 0.435(0.850)
ﬁ r | @ 0.550 @ | %/ ©+® | 0.425(0.835)
O 1@ yg @ 0.515 us® | o= D+2+@ | 0.395(0.800)
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TEEZO| 2Ye XS 7HAI= AE 300mm 0| HE5H0{0F Q1 et

% US2 HAAIRO| S 290 TEAE 7IZ0Z 2SSO HIZBS YT, IS HANDO| i B TXHE J|Z0R 7iES
o otz g iy,
% /L) FDELRA 7|0) ZY st PAZN HAAIZ0| His AL|S| WD THSLY(@7(0] ZY Bsts 2R HBAZO| He
S9lof 2/7]0j 21 PoHs HRA HEAR0| Sis B9t Mok Rl BIIhA) Z2HE LT
21) TH Y LHOM HEAD| HEHOR B H9| HER ol MCQIR| T Sol= IO UGS 29 T MR Y &
917} SA] AEH| S9iot SHNOT MRE PSSO AL WA A 2T WY
% QU] FWEolo] HE H5e AT I iSRS ME AVFES OIS WISI0) S S T (2, 710 XY
BH= S2A TRAZ0| Hi QHPS(Z U 2 THo| TSt & U 2] BIEHI7 50% O/2H ZL0] SHat0] 9 Lo T H5H
2 20)
- 9/ AR 0| B A5 AN =
[Z(2mo] Fmersy ThsRes Mg He
A

10| QA FHSEA 20D / (£ A MU THSEAE ZO)

MOER 119 M w2 Sy 022 290 HAIE Y 218 T HAY(TE - Y&, LUE — 1™ 5)2 ol 71 fAR 8
HES HEOR ST}, (H, S8 112 724 UL Syl &1 E= HANE S716td HE0| 022 Z20= 150 102110 MHE

TKz o1 7ts)
X QI ITHE0] 2BIHOR MR 1520 P M HBSHO| 50%E X1 B9lo] NEANESS NRsH0, ATY S
L§Ctel S} SIS HO0j= Il Holo) Mslaipi2e MR sy

X HEES AR 0.27mK/W, 20 300m 014 X2
- TR 297} 281 014 ZR0= 2120 0| AN JIE Y 20| 7|ES BT EF5I0{0F,
- cigiss Al sl 0| chelwz Jks 2017k 300mm DIt ZLE Sier o FKIE B 290 Bsto] oI

I 29 SRS A5 A : BSRE LT Al

- 2-1 MY GBFEL 18, 28 RE HAS 51¥ O3 2 0.600 W/mK
- 2-2 MY @mEee HZH0] glom 2 0.700 W/mK
- SHNtH 7 IEC 2 o Eut X|SE= 20l= 3102 23 (2 2.8m 7H)

7 o
- 91 HEMS ={(0.600 W/mK X 2.8m) + (0.700W/mK) X 2.8m)} / {2.8m + 2.8m} = 0.650 W/mK

M
ge
ol

2 -20.700

1B | -7 g—z . — |oze=e| 0650
< F
2- L %_ s
2 -1
= o+@ 2P-170.600
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B QA&

© = M= - SSFEQ 22 YXIE flet A4 7|12

=
CHA:: BOOMIH OS] SSFH / SUE, 217(0f 21 Het &S, A Hefs
7} X|H: 2X}0|H|E (TDR:Temperature Difference Ratio)
- HO|: ALt 2|719f 2EXI0[0f Chet MLt ME iR {2 MUEHS| 2EXI0|
- B0 Fot AUl 255 7I1E Sl ot 2212l “AR W] 457S HIto | fIgt K]
- OF2H2] AlLHA O] Tt 11 EHel= 00 TAL(2| Zfe= TRVt gl SNl HIg

&

dUH=ET - HZ HAFFE fET=ET

ZZ AWl =(TOR) =

O AL 2HAXA: AU 2 25T, SHigk 50%
Q7l2E (K19 | -20C, XIZ 1l 15T, Xl -107C)

T @ 2218 Al KS F 2295 S2| Ao =Z 7715017 [2HKOLAS)OIM &

@ 1SO 1509901 Meter AREH Z=Us &5 AZ2 0185 Sl L1
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OII

IENSH, ST Z2 YRS ABH MMIE J10|=2191, 2014,

F

=5; %%&M ZZ S F{opRIQ|0] T3t A2 WX AMES Al
= g Z=YX M G Xl’é. 2 HefR AMQl 2EXI0|H|E MA|
CIPIMITHOIA 217 |0f &/ZFHC 2 Hok= RE MEEeELt ZAH Z2YXTH(GMEE 0.036W/mK 0[5HE
= 300mm, F7H 10mm 0|M 2= &S0 AIZ (KIF |, 11 = 450mm O] AHE)
@(D = SO0 PEENE EHHO| 022 50 Iéfé St AR HetRe Mol A2 0jdE +=3ott] 7|1&E

OO XYY 82, Ao A 2T B E= XIS -2/t HIHY GHRE= t5=2| fUAEEAV 1=
S
[

1), FE
TDRZ T 72

AT | AAD | AR
i HEE =5 0,30 0,33 0,38
U i

ol 5 Wake 2F 0.22 0,24 027
B3| 51 025 026 028

F] 289 | 016 (016) | 018 (018) [020 (0,24
271 AE gsts & |F2] BARRES | 022 (026) | 024 (029) |027 (032)
HE A Z2ME 1025 (030) | 028 (033) | 032 (038
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B QAT|1E

® ECO2 (71522 H1X| 228 S8) ¢ Eu U3

o SUIRMRI(W/mK)2 2 (HE &2 TS dh MEt):
S20] Cfet HE 22(0f et 20, HEE 729 4 AUER SO HEM 22t 2AX7FE29 /R0
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® PHPP(Passive house planning package) 4 &

THA|E 5 AL 47t

—

5} AE A, 52 &

)

El

Q,=UXxAXxG xf+UxIxG, xf,

Heat transfer
through building

Heat transfer
through thermal

miE
228 % oY 20i2

'8 5 Flat Roof_int Wall FB‘ Fiat Roof_EWall
] M

S EWall Fioor shab
iz W)

T8 72 Window Terrass]
0058 WimK)
) I

o Eveal
)

(ORSHLPSES B= A V1=
1. RETSE, HE20| oL
2. FEWSR, SRR, 215
3 BEWER, 5%
4. BEDSE, BSTHY
5. SHROILIXIE, 7

6. 7124 2, U, /HE A9 &

BIZIE IS5 3| SIS UETS

AT IE

=9 OfX[=SF EA 7|z ohEAM

EiO| Z2HXIE ?let 2AVIE
S 223X A 710|=2f
ASOUXIEZIE2 0 (ECO2) + F7HAt Oiw

T2 AR 7

2UFE T8 B0 ofer HE s Kot Y= =4

E3=PN|

1,

2012.10, pp. 87-90

7. Schick Ltd, Thermal Bridging Guide, 2018 (www.schoeck.com)
8. Passive House Institute 11§ A= (Passivhaus Institut (passivehouse.com))

envelopes; walls, bridges, as called — =
0.005 Wifm.K) -
roofs, floors, linear thermal bR |
windows transmittance 2 ALt ol
i e (£X: passivehouseschool.com)
Input of
N Thermal bridge Group Aciinid Qua Length i thermal bridge heat loss W
. description Nr. S ntity [m] coefficient WimK)
Wi{mK)
1 Ext. wall-basement 15 Thermal bridges Ambient 1 24 85 Ext. wall-basement -0.039
2 Int. wall-basement 17 Thermal bridges FS/BC 1 11.35 Int. wall-basement 0.061
3 |Partition walls 15  [Thermal bridges Ambient 1 17.36 Partition walls 0.000
4 |Interior eceilings 15  [Thermal bridges Ambient 1 20.25 Interiar ceilings 0.002
5 |Partition wall-roof 15  [Thermal bridges Ambient 1 177 Partition wall-roof 0.005
6 Ext. wall-roof 15 Thermal bridges Ambient 1 2527 Ext. wall-roof -0.061
T Ext. wall edge 15 Thermal bridges Ambient 1 17.36 Ext. wall edge -0.062
° PHPP At S|4 A| £ 212 3}51
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o S IHA[HEIRA AA V1=
IHE QL) VYs S, 1es Falg VIMAY, 17|2YS, "Thermal-bridge—free”

Ventilation with > 75 % heat recovery

Jcres ol Electricity demand max.0.45 Wh/m* " IME &S

L=
Heat protection: Outdoor air’M Exhaust air Triple-glazing:
U'<0.15 Wi(m*K) , e ewr— Ug < 0.8 Wi(m?K)
| Uy=0.8 WimK). e | grvalue 5055 %
m{mal brldge-fre L

T g o
I | g
DI UMS Extract air : Supply air
200o

-

A
: JJ /

Tl

*&X : Passive House Institute W& Atz
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[B.2]

ne

W A7

>

THA|EGIRAN|A Q] "E W = 47| (Thermal-bridge—free design)”

- g 220 Wt M FHZE (0.01 W/mK 2 &A, AISE A2 H-E
= L
T —

- =0 HE 2fRlE el 2 HER 52 HEML S¢S El= £9(01 ol S X A4 2R

Thermal-bridge-free
designing

_¥.< 0.01 W/(mK)

*£X : Passive House Institute S At&
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VS.

extremly bad
installation

M2t AX|EZ ASE0{0F &

o

O

q‘,lnslail = 0.15 WI(mK)
Unw =119 WI(m?K)

.

= L

|
|

*ZX : Passive House Institute W X2

*EX: AEFUAMA| LIO1 EHOX|

-

%

/—%I‘L KHEERY
/
/
/
/
/
=
X J
s - 2L
2 o -50X50K2 3t
o CHE R KR E 7| 8
N | Tiso @223z E
Sl
OIUX| B 2| SSFEQ B A, MBIz 7 o Ay

=4, =T, 2012

179



B QA7|E

© WHHE 24 - S Xz Bt

]
Of
n
g

o U o 2H-U9H HER 22YX N 24 et

*A2UXRY EE 7IE - KS M 3808 LI Z2|AEH(PS) THEM, REMC - YEH2Z A

8

180 2025 HESUAREIIA 220K

HEZE|

‘A YA

t2oh= YU Z2|AEHI(PS) HEXY

- b
- S
/ gz%*mﬂ(a@}
A [& ] ™
rﬁ ----- 1 L\i
| oo w — 2 ubE| R ()
! = |
T 1
| L |
1 I
\_\ //

*SX:LHI, 38F

EH
=0

e e =

2= LS ¢

St M ZH0]=2101(Q1), 2021.2



[B2] EuYRPZ|=

t

A gt

A
=

29 R

o

5

O

CEN

m###wm | o NREBNEN

Ay

~ E3 .
8 kS _
& Bl &
—~ e
g 0l -4
ol B
ar © H
S 1 : Ru
1 H o
m LR ®
| o
i X
m on e bl et e
{ .ol ]
| g ! Y y
Lo o, ! < 0
K .n.w; I | i
“H_o 70 " L] L]
M =
R =
7 T
=
{ 0 Ko
£ o0
B
R N
[ I
- *_E m_._u I
i 0l "
i rD
i I i
| 7 |
| i U
A |
“ H ~ ! i 4
+ I i ¢
L : e R = 3
. “ = _ E o ! %0
— ; p ! m@m m i O e
e : i ; et _ <0 1A L
" i “ i 1 gl
% T oo
S W SO S | || | N L

181

M| 7101=2121(9), 2021.2

3



22 XN 2 et

r-- -~ T T Tttt T o T T eI 1 "a" ChH AR )
I EH T CHH T2 | T
I 7 .
I g o | P .
i —_ &gt | A SN
' == Agoiz 5 [ I %
: ’ ) nEsulE ®
| = == 49— I
| RN WA TR PR ,I E @ ]
: S | | pem— = azunnls)
| | B vd
g uzs : N )

| HEon [ . P
| Z iz n(H) : E o Cha AR - -
I [t B
I I - ~~_
| I I.-" S
) { Ew :

| ! W
| siciolzizy | / \
: =EEE E —_—

|
: Hargupsr |
| ~ 1 &l /
I [ Y I £
I E Sy — ¢
: I TEYR| ) — J’

L J T

2
Cagols \C
FH SN _
AN
\ -
Ex R T T T
zij:laxu E:‘:I%N [ A‘!‘!‘!&

[

*EX: LHi, S5 22 YRS I8t HAE 7101=2kel(eh), 2021.2

182 2025 HESU|UREIA BLTS



(® Passive House Certification

THA|ZBHLAOIARS RIXHOH CHEt QIS 51T QIO 742 e AR ChofAE CIEIO0Y Cht 9!

— =

https://database.passivehouse.com/ ) Component 215

°
] 1

‘,2”, Component Database MY Engish Deutsch polski ¢

Institute g %

‘Opaque building envelope

Construction systems

Floor slabs

Building services

He
Ver
(¢
(s

© & M ZAOIE

1. $8G, OUX] "oty HE SSFHIO BE A, AlS7|= /e 2 AE 24, o =5S-1AH, 2012
2. SIREXTEIAL A, SSFH = WX I8 HMIE 710]=211(RH), 2021.2

3. Schaéck Ltd, Thermal Bridging Guide, 2018 (www.schoeck.com)

4. Passive House Institute W€ A& (Passivhaus Institut (passivehouse.com))

5. S=EMA|EAZE S|, www.phiko.kr

6. AEFHRAIX|LIOIE SH|O|X], www.starvilleng.co.kr
7. EJEAT 2|0k SH|O|X|, www.tifus.co.kr/

8. 0H|A¢2|E SH|0|X], www.ebmleader.com

9. HI2t=Z 220t £H|0|X|, www.terraco.co.kr

1

0. LXOFRAIA 20| K|, www.Ixzin.com
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D LS H2IX 72 (HE) : Vent 2H
- 150kg (120) : front 300mm — rear 210mm : ®32
- 300kg (250) : front 320mm — rear 240mm : ®44

@ LS J10f 734 : $iS=0l, Vent =0l
- 405 : 850 ~1,850
- 705:1,050 ~2,150
-1005 : 1,350 ~2,750
* back—set : 28mm / 38mm

@ =0, =4 A (M.CxH)
- %[z~ 1650 x 900 (150kg) / 700 x 900 (300kg)
— ZI0H : Vent S0 T 2,000 x 2,700 (H&)
* Frame ZI0H : 244 Jbs X, =el #23
*M.C>H/25 (H<25xM.C)

% Vent £H(kg)
= REIFH(MmMxF2IZEM)xF2I1=0I(m)x2.54
+ ARl 2HI(kg)



Vent
=0|

HIr r

o nn

@ Xt 72 (HE)
— Single (40) : Vent £ 60kg OIGt
— Twin (80) :Vent 2 60kg =1, 120kg 0I5t

@ z|tl, A& RH(M.CxH)
- X4 1600 x 700
- ZI0H : Vent A0l HS
1,500 x 2,400 (HA)

s

% Singleroller

I i ]
| &
A ]
&7

2Af Twin roller

| ' L__;

[ @& )
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cfeo| Mt ARIC 2B A2 &= 20| OfLet, HHYE L 7S D2t +12F

andle Type 03 fandle Type 05 andle Type Ot Handle Type 07
CWS Turn & Tilt Entrance Door ESS Sliding Folding Door
PWS Turn & Tilt ADS

landle Type 04

Entrance Door

ADS

P — L
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® Window Basic : £H

o1

Z=0
=Y
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[B3] F2 A HEH &

A

252 15

\
2

>

STILE

B === |
b IL—— |l]_ X
DITOM | E T .
Q2| Ak .
- 201 B A
. L =9 K= 77|
e 2t wxjol J|ZAA - THEH B
02 EX 1 0)7AS YRISKE
=& CHHG(Vertical section)
ol (Elevation)

—QIBt D|E 4| 2RO HEPT —3E=
—2ATHH =4 58 —LH2tED|Z(Inside View)
-AHEIS, B XI4HD| —HHES, 2ReE
-2l 738 2 2401& -HIB&Al(type)
=J|E} SIERIN, 2XHH . .

2T SHHC (Horizontal section)

—QIp J|FE 4B 2Epio] BT

NS, SR XD

-22) 72 2 230/

=J|E} SIERIN, 22X
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(® Window Basic : Simulation

o Alzd|0ld D203s &N, /iEoks 20| ds= tiSotl FUF 0 tet 8 2240 7tset

17 zesse

Sample Cross Section Sample Isotherm Results Sample Color Infrared Resuks Sample Curtainwall with Bolt Cross Section with Infrared Results
(Aluminum Slider Windows Frame) (Alum inum Slider Window Frame) (Aluminum Slider Window Frame)
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File Edit Libraries Record Tools View Help

fjo

2Eot0, 72l 790 ME HEgs

[B3] F2 A HEH &

Yo 0=0| k53t

DEH| s B ) M|[BEaen; O % 2R
List 04 <!
Cale ) Neme [Fictws
Made |NFRC -
New 5|
Type | Fived picture) =1 »|
Copy
Width | 1200 mm
M Height | 1500 mm
o svea [T m2
Repor Tie[ 9
Environmental Conditions:
I™ Dividers NFRC 1002010 -
Dividers
@ W74 - Glazing System Library (C#Users#PUbIICKLENLWWINDOW? aww7.mdg) e ele s
Doy node File Edt Ubraries Record Tooks View Help
Normal <] = TS E] e
T = % 2
ok st oy S H | $ BB S[E[: W > M BEe[n: D% %2R
Utactar [ 7. WimzK t M
SHECAT Dista sHoc [ WA —I D1 Name: [Vacuum Glass
— il EE: (F3) gw.,::,:i:; 3 ﬂ e[ 80" 16 Height [1000.0( mm
|G| ew =
o[ NA = Conditions: |"VFFC 100-2010 16 wickh{1000.0( mm
Copy Comment:
Delete Overall thickness: [43.000 mm Mode: I~ Model Deflection

| For Help, press FL

save
Report =
Radiance
[Tio] Name [Mode] Thick [l Tsol | Ficoll | Reol2 | Tvie | Rvist [ Fis2 | Ti | E1 | E2 |Cond |  Comment
j Glass 1 #6358 HanGlas Clear Smm HGI 50 [Jfoss 0071 0071 0894 0080 0080 0000 0837 0837 1.000
Gap1 M 1 A 140
j Glass 2 6358 HanGlas Clear Smm HGI 50 [J|0s6 0071 0071 0834 0080 0080 0000 0837 0837 1.000
Gapz » 1 A 140
j Glass 3 »» 11334 PLT ULTRA N Smm SGI 60 [J[0672 0292 0225 0879 0045 0048 0000 0037 0837 1.000

Certer of Glass Fiesults | Temperature Data | Optical Data | Angular Data | Color Propetties | Radisnce Resuits |

Utactor SC | SHBC | RelHtGan | Tws | Ket | LaeriKel | GaplKeff | LoyerZKelf | Gap2Kelf | Loper 3Kelf
Wim2K Wim2 | wimk Wik WK Wk Wik Wik
hES 0610 0531 a4 0712 00625 1.0000 00853 1.0000 00306 1.0000

Mode: NFRC_[SI[  [NUM Y

For Help, press F1
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QA&

B

® Window Basic : &2 JHH|ElAl
JHH A0 2t Z(Window)0| 722 4= UCH, X[ #X[2t 8, 87| H& S0l w2t 2| H8at
~
, / ™
s ! +
NS 7 . s
WA Ve S #
TUEM & TILT TUREM PROJECT FULL DOwN FIx YERTICAL PIVOT HORIZONTAL PIMOT
LEFT HUNG & TILT LEFT HUNG TOP HUNG BOTTOM HUNG nEE
ojro]
r -+ — +
LIFT SLIDING SLIDING
J¥ &N 0|HEs WRWSAE

o
=
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@® Window Basic : F2|2] X[X[ZA]

5 Ct N K|
OEI(GIazing)% ZE(Window Frame)ofl 178 2! X|X|Shk= B2 7Y 1|tc'!t.'=101|;fﬂfﬂf =] MgE
ZQ 5t52 AIX[Gk= A &2t OfL|2t 7HE| E210)| w2t MO 2 - w|0{0F &t
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Al
o

ol

0

N TS| e Tet S MBS EllE T2
NZE EfS 712010 MZQl 7ot AX| et S0l ol Eeto| &t
'A' TYPE 'B' TYPE
L e JEy [ -] - ]-]v]
MC1 MC2Z MC1 Mc2 MCl_MC2 MC3 MC4
'c' TYPE D' TYPE
:
MC1  MC2 MG MC4 MC1 MC2
'E' TYPE 'F' TYPE
| + | [ v = [ v e wf + [ « [ = |1 [ v + T v Jo
el v [ = [ v | | + [tc2 el v [+ T vl [+ [+ T + e
MG MC2  MC3 MCT  MC2  MC3 MGl MC2  MC3 MGl MCZ  MC3
'G' TYPE 'H' TYPE
-- e | T ] [ v ] [ v J
+ v + + +
Teo| v | v | | =] [+ e
MCT  MC2  Mcs MC1  MC2  MC3 MGl MC2 M3
'I' TYPE "' TYPE
[ + [ = 1 =1 [ v v [ v Jro | ‘ | ‘ ‘ |
Vv + + + + v
el v [ v [ v ] [+ = |+ e
MCT  MC2 M3 MCT  MC2  MC3 MC1 MC2  MC3 MCI  MC2  MC3
'K' TYPE 'L' TYPE
MCl_MC2Z MC3 Mc4 MGl MC2 _ MC3
'M' TYPE 'N' TYPE
e + [ v [tc To1] + ] [ v T v [ v Jo
TC2| | ] + [tce Teel v [ v [ v || + |rc2
MC1 _ MC2  MC3 MCI__ MC2 _ MC3
'0' TYPE
TC1 + + v +_ [to
] e *MC: IESE, TC: §iRE)
MG MC2  MC3 MC1_ MC2  MC3
'P' TYPE
01| + ] + [ v + ] + v |t
TC2| v | + | | + | v | | + | + |Te2
Mt Mo2 MC1 Mc2 MC1 Mo2 MC1 Mo2
'Q' TYPE 's' TYPE
el | = | [ v T v e TC1| + I [ v v |
= I T | < e el v [ v || + [T
MC1 Mc2 MC1 Mc2 MC1 MC2 MC1 MC2
'R' TYPE
[+ ] ] [« [+ 1 [ v [ + 1 [+ T v e
T2 v | + ] | + [ v | ] + | + || + | + [Tc2
[ Mc2 MC1 Mc2 MC1 MC2 MC1 MC2
'T' TYPE
TC! + I + | | v | v TC1
+ + + +
TC2 v | | ‘ v 1 + | ‘ ‘ + T2
MCt Mo2 MC1 Mc2 MC1 MC2 MC1 MC2
U TYPE
TCI - [ = ] + - TCt
TC2 | + | | + | TC2
MC1 MC2 MC1 MC2
V' TYPE ‘W' TYPE
e+ ]+ ] v [ror [ v o
Tez| v I + e L v e
MC1 Mc2 MC1 Mc2
X' TYPE 'Y' TYPE
'Z' TYPE '0' TYPE '$' TYPE
MC1__ MC2_ MC3
O EX 1 0|d3E R USA=

O
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[B3] ¥z HEZ &

® Door Basic : =2 74

(D Lock Technology

2 Door hinges

(3 Glazing, 7| E}

I8 X 01 s WRUSAE
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A0 Lt

—

i

o
X

® Door Basic : 7im| 2!

=ottH, LI K| S XLRY

30| Itz 34/

=l
—

198 2025 AZSOIHAIEIA B0



@® Door Basic : Lock Technology
UHHO = 2fiX|(Latch)2t EE(Bolh= F4=H, 2iXl= 71, 2E= &E 82 ME

H
Mz 2 SHEH S)0f 2t 52| X2t 2EER 714 7ks

,,,,,,,,,,,,,,,,,,,,,,,,,

{ VO N
: LY o R
| ! 5 21
| g A
i P =2
! PN . N
i i o . Q
i N & D
! P N g
| | lon
| Crel Ye BTl
| | [[ 0 e ’
i j o
E Vﬁ 2 g 3
| PR d J
i G: PR yﬁg D
1 H M
i RN N N
o D » o
N P
| 2 poIs
! n i E; @
Pl |
i =1 oo :
W R § X
o8 R 3 N N
TE: HU/AQNM E0HE H= JEE E
,f" """""""" ~
[ A
i 1
[ T 1
[ 1 1
[ 1
o R | )
I & |
~ 5 | r |
m/ ‘-l"'";. : ki ” :
r — !
]
Double cylinder Half cylinder Cylinder with tumn Cylinder with round tun ! Cylinder with knuried turn |
i ]
\ 7]
e -

-
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B QAT|&

® Door Basic : 3IX|

E09l 2 T SIEHZ =EUR / DFARIM T2t HEEH, XR[oIS0]| Tt M Ji+-5 Z2| M8

| I _
|

VL-Band 100° eingebaut
Concealed 100" hinge installed

Rollentirband aus Aluminium
Aluminium barrel hinges

Rollentirband aus Edelstahl

VL-Band 180° eingebaut
Stainless steel barrel hinge Concealed 180° hinge installed

Mounted Type Barrel Type Consealed Type

200 2025 H=SOIHXIHI AL B0 S



@® Door Basic : ot 1M

L0 of2 7+J0f| et Lo 72 =0, HH g2t M2t ME0| Eety

1. Aluplast 2H|0|X|, www.aluplast.net

@ Automatic
door seal

@) Brush/
gasket seal

-

2. (F)0|1&S 0|740}710|2 EH|0|X], eagon — main (eagonwindows.com)

3. https://blog.lotte.co.kr/20848
4. @O0|AZS, 201949 At WAL=

@) Threshold alt.

|
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B QA&

PR 7{E2(Curtain Wall)

@® Curtain Wall
HEEE 712 90| HO} 0= YA 2 MX|Z= H| LHZHHO0|H, Steik typezt Unit typelL = FL=et

Stick Type

202 2025 ZESUUXZII} 240



® Curtain Wall Basic : 7| 2744

FHEY(Curtain Wall): 7129 5t58 2HGIX|

- HILE , o, Zofope

1, 7171, 2

FoM=: A20|m/AE 22|, Panel, 7tAZ, etc.

Oto H
LS 1

[B3] H=HHE

(No-Load Bearing Wall)

=
- sk 7120 XY SIS 2K, 7120) 7|9 TE0| ABE= HIZS Y
- 37| RiB0| U i FEE B FEI0] SHX0M B

* BB} HHGI0] it 2 ABILS
- FHIBALO| ZABE 712 LISOIA SIR10] THSa10, HIZ & EH 212 TR BA| B2t
- DS T2/ |24/ RE/AS S AL HE0) BHS T AREY0| S X
- D[Rte] SR LSRR 2 FAX) TS ALS510] RIGHS A U I3t 30| 8O[2t

@ Curtain Wall Basic : &2 715

59 IRPIXIR B/7|2/42/7% 59| 450| 275N, So| So1E2 XS0l et 40| 523
52 212 UHH YUY W AHH|9t olEls 220MT S0 482 o
{
N G/l /4y X _
M FUUHSE(SHGO) - ZaKE0] chet ok
4 RS/ Uat/ W - XZ0] chat ory
% e EHQIZ(BIPV)
.l\I 5

Prolection agarat UV-mdiation
Enaingy genarabion

Ventiation

Push andl pull Tonsss
Trewn wind loads

Imtariar leads

Vapoes affusion |

n@ J',’\"'\;-_ | r',.._,--./‘
? /} M-.L_,

Wiew in

L

Appaarance of

Budding in urban conbex Set-waght

SK Chemical A=

=V

A
EIE
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(® Curtain Wall Basic :

Stick type

x|
=

Ofl A &l

O OXH
L OO

Unit type

Unit Type

\\ \ \mmﬂka

e o II..r S—

.xxw m..w%

SﬂckType

OLXIEZ A BEls

=]
==
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STICK SYSTEM

[B3] ¥z HEFIE

UNIT SYSTEM

A7} Bl SO0t HO|LT eI AL HEEC.

AAZF 00 IO Orx ™ME7H7F BEAl §11

Serie e =eTe STl =2 REEIC)
. _ o JhE ZEO0| THOIA O|ZUX|H KA Mx|ot
JtES Melst 23, MRI7t HEUM 0|2 0K H aa [[;r M‘;‘;ol ,,Hﬂ; S0A ey ﬂiw
23 QUALITY CONTROLO| Hlu ™ ofF2 820l | o o o) gé‘nm’gro’;é”f;au}ﬂuw
5] 2 — 4 -H—= == T T L
20171 0. CONTROLO] &t
N ZY AP} Y 7IS5BO| BY M OFD2 WA | o coic monz mao| oasoz Al
@Y, 71™, | oz RF, AREY| o ojof mat M dsg | S5 T D Lo Dol meT T e
. I 71Y, ©Y NS 50| 24510t
) 315|517| OfRICt.
out TR 7HE5H0] BARS| AEHZ 2Ut5tD2 26H0| | ZX0IA 2Fs| ZE N 2UtED2 26 VOLUMEO
= =NInpSEL N FAX| T o7t Q7E|H 2|0 H| WX 20| ECf,
_ DE 7N BRI ZROMN XYED2 HEO| |
RE PH 2XI HHUM ZYHO2 ABO| ) 574|T°+0| ;;OM M; <210 A 2101
ANSE AL 37| | HAZ R0 AL 7[2E2 MAN POWERO 9Jatf £H= ;—7O|°| ;,.(O““*o El‘gr; AEAe ;abllq St ;,*0“
% QOLH S MAN POWERY 29 B7I7HZORICE | ooy oy cem T Ee T
= =T A .
~ ZFQ AR MULLIONO| & 2= 272 22|50 QU
HME | T4 SRjo| S, SIZEO) TRt At 2T | &, = V4= =250 210

TEHOR HIZAP! F0| ULk
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B QAT|E

® Curtain Wall Basic : 21 £0f

o AR E A WFH(Anchor)2t Zx&|(Mullion, Transom, Glass £)C 2 2=

* U7 FEUN 7428 Aol HRIZ BY
- DYHE Y7 SUS S0 THGH| 2Ioh S0 ot XX
- YIS : ARSI} SRS K= U2, A, BAOIS SO BEA
- SAL : AEH BPUIN 2 IS Aol BE/HE, A3 S

g2l
(fastener)

942 & (anchor

gl ®E
(embedment)

206 2025 AESO|LXILIIAL B8
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[B3] &= A HEZYI

>

o A YRS THBHE 72 21
~ 228 7H(Mullion) : F(main) X SX{=Al TEH OFYM0| 538t
- 82 M(Transom) : F(sub) 7= FHZA SdtE1 |2 AHES FEE
(22 5150 i3t 7Y ZE L)
- S(Vision) 72t : AY Y QI XY PO Q27 Mx|el=s Tt
AHEZ A7t HYO| AREE RE20M S7E & oA 712t

(e, T, 41 S O 2X)

Egi(Transom)
CTHEHEY 2 Ha|odof
X = F=EH
-1 2M E™(Spandrel)
. P RR EE
S . HiSho} BB Alo] B &
a2l (Mullion) e Ty &
HE SR 2 SR N SE
THE0 £E28 Ade
R 72N
THK 24mm >
geuza 255
SRR 4] 3 (Vision)
s =] it B8
L4
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® Curtain

Wall Basic : Eot=

— =

HEEY +EIR et ~HEIHO| et AEHETF S0, 17YolSH ZolS(SoHE)0ll thet T =T}

208 20257

0 STACK JOINT .E ANCHOR
g - won muLLion ||
= Hes,
STACK JOINT ANCHOR
gﬂwuh‘
|
WIND LOAD |
R R ¢
T <d C -Ill—-a—l'- | C T
'|I FEKALE FEMALE
| !
C |-|- f MALE: AL E:
.' -. /
|II
| T C
T <4 c o fa
\ \ (ANCHOR PART) (MIDDLE PART)
\ 1 \
E.M.D SFD  DEFORMED SHAPE
SRRA 5188, SIA
I8 &N 0|HEs WEWSAE
|
Lol
| T
WIND LOAD DEAD LOAD
y R
M
M

£ Pd Pd
o Pé—f e TRAMZOM
M m — TRANSE0M m |
LT T : ‘é
o Td T

BM.D
S T - Fd Ke
COMBINED EM.D Moo
fHTRESS T
C 5.F.D e OISFL.
d
R—
COMBINED_/ BIERL. TORSON
BENDING STRESS) (SHEAR STRESS)

_J'\_mt:iIH DHE Mo HIEZ o{2X7A

=0, =

8 &X 0| WRUSAZ

HESHUREI A Bl =

__I_LE|



[B3] ¥z HEFIE

® Curtain Wall Basic : ZF £X{H 20

HEEH2 2 A= £AEXH-Mullion, +HEAM-Transom 22 FLEgt
UHU M= 2 20| k58t Vision 77t SiES HEEEH MES 5HE17ES Spandrel /IO 2 F128t

CORING

il
i
Il

I
VISION SILL
Zf//__

— MULLION Tf lD w FL

/ SPANDREL I
in I8
| — DPENING FRAME \

/ VISION

[ VISION HEAD
- FL.
TRANBOM
// FAN COIN UNIT BOX—\
w T

SOFFIT

FEMALE
MULLION

MALE MULLION

K MULLION

TRANSOM

FSPANDREL PAR

T STACK JOINT

 ¢mmmmm ANCHOR
4==mmmmm \/|S|ION PART
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® Curtain Wall Basic : 2|02t EfQl

QI OpZt R740f| 2t CAP typedt SG typeL 2 F1E=

CAP TYPE
MULLION TRANSOM

142

—lw

|
|
|
|
|
o I
< |
g R
~ [ |
e |
|
& |
|
=+ [— |
4
== 146 |
|
SG TYPE
MULLION TRANSOM
208 3
0 Y] 143 |
[ EEL I
T o= — [ [ |
| |
| |
| |
| |
| |
| |
| |
== e
E e
C | $
== F e e ——————
| 1l
| |
| |
| |
| |
| |
| |
&0 | 146 |
206
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® Curtain Wall Basic : 114%t 21 JHH| =

U7 E0 O 2L 27| RIet 7HEHEO] /A &=
Z=2 Out ward Top hung typel 2 ZgtE

MULLION TRANSOM

[15 =

@

146

pi]
25

60

43 |6|

[isq & [a[9]

o]

@ Curtain Wall Basic : Glazing Option

QL Ot Cap typelt SG typel 2 FH &

SG type 2t 7IAZ S 018t A4 DAt HelES

Flush-fitted dry
glazing

\'\
U-shaped dry glaziﬁg\\

Wet sealing

EFS 60 + EWS 60 SG

A ooz 72

211



B QAT

@® Curtain Wall Basic : 2874

ZFQ FAEE Steel2 Glazing 822 AL 2 745= HEE

(E— g —

212 2025 HEZSOIHRIEIA E5=i=



[B3] F2 A HEH &

(® Curtain Wall Basic : AX| Ef 0|

HEE LY 780 M2t Cap =& Eft BI.=E EfI(Structural Glazing) 22 T2 4= ACH, 01521
0= ST

Mullion-Transom Unitized Facade Window Fagade Ribbon Facade
Construction

Twin Wall Construction

= P=r
e

-]
2 i
g,
- [
|
-

gl )

213
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2AU, +24U, +2.1,'F,

U. =

=13
=

20{0f

o] SHFE, W/mK S =

T

M= Uw =2

(5

o] gds= S A7IV| ¢

=

-

__AO

.
® o
3 o o
< €
o !
T 5 '
E 3 E
2 = %)
F 5
S Ew |
Fo VI
E g al i)
S omowW
£ O
(8] 1 ol
= P R
EN N
= SR
= T or WOk
o o wy 0 oK
<0 4 4 U ow
wooomom o E
ol o oon A
o U WE B o1
— Ao Yorr
&l o & < ol
) a0 o7 3 3l
oT T U U o
ol Hl Ok OF HI
R0 TN
X
E X £
~ = —
(@)
= = W
om E - =
I/ S— M e UfD
mo R [ —
3l O 7ORM WM
o & 3 B 3
= @ = = R
o ol
g A 0F OF OF
T o __g
= < S < —

, W/mK
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- Frame Depth 22

- R R EE %XI s

Raico

Wicona

[ =
Y =10 HH7|=2 0.8 W/mK 2 &5

Hueck

Therm+ A-l
0.80 W/m2K

Wictec 50 Hi
1.20 W/m2K

Kawneer

Schiico

1.0 VF 50
1.00 W/m?K

AA 100 HI
1.30 W/im?K

FW 50*.SI
0.80 W/m?K

216 2025 HAZS0|HXILI AL £
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[B3] ¥z HEFIE

OUldODOI'S & $ Room Temperature
(0°C) (20°C)

Radiation
Thermally
Broken

SUAIT S0l THE

—

= w35}
O =
TE O WO HHE 5, HE S0 s oM A8 &5 Framel| HEds2 /g

—

Frame2| = (width)0il CH3 BtA| 11247 Q8!

Thermal
Break

L

J“L“H“
T

d =] d
1 C 4 ; ] 3
h 5= h &= h &=
- v ) o ; v ) o -= v
Uf <2.8 Wm3K Uf < 2.0 Wm2K Uf < 1.6 W/m2K

217



SR EX| X0 TE g5 Het

o SYeF LY AN SUXEHIY(Z2(0105)2] YR ME HEES BHalE dEst Awe,
24| Q0| RRFHQL SYR0| e AIX Zete dEotRASM, 7el AR ER|== SLRE0 SUAIHRHI
RS O 7MY =2 HEESUNE 2R =+ US

Thermal Break Positioning Code:
» M: Central

» E: External Close

1. Position of the chassis thermal break
» |: Internal Close

» Two Area: Sash - Chassis

2. Position of the sash thermal break

MM ME H EE El -V EM MH IE

Thermal Break Positioning

218 2025 HES0HXIHIAL B40S



ot0] SUXIHIH(E2|0I0|5)Q| Z0|2ts 2FY [f T2 el BHFE HelS LIEHH A

Length of profile B; = 85.6mm
*Depth D; = 91.05mm
*Thermal break length= 44mm
Uy =2.55 Wim%

Length of profile B; = 85.6mm
Depth D; = 71.05mm
Thermal break length= 24mm
U= 2.86 Wim%k

B Length of profile B; = 85.6mm
+Depth Dy = 71.05mm

*Thermal break length= 34mm
U, =251 Wim%

10 15 2 2% 0 3% 4 45
Length of Thermal Break(mm)

219



=85 Ug) &4

-

92| 45 8y

o O
S5/HE/ME REZ MEH LE7LL, Low-e glass 2 Mg, 22d 7IA(Ar, Kr, etc)?| M8 &8 Sot0
HEdss M7 US
A TEREE Sol0 22 HEHESI SHGCE XS 7HA = RE|22] H20| HUE /U

2000 2007 2010 2015
n
Glazing
System
—
Glass depth Double pain IG Double pain IG with | Triple pane IG with Vacuum Glazing
Pt 22mm Argon 23mm Argon 42mm 27.25mm

U, value U,=1.7 W/m2K U,=1.4 W/m2K U,=0.7 W/m2K | U =0.3~0.6 W/mK

220 2025 HZSOIHXIEI A B0 S




Low-e f&| dst /X0 2 Glazing &

M= H|D

= O

[B3] Tz HUFHE

2|

e
~
>

2.000
1.800
1.600 A}
1.400
1.200
1.000 - - ::;;::\a\\\
0.800 \ / N\
0.600
2 | #3 ‘ 2,3 0 ‘ #3 ‘ Ha ‘ #5 ‘ 42,3 | 2,4 | 2,5 | 3,5 | #a,5 ‘ 2,3,5 ‘ #2,4,5
2572 MZ=93
——singleU-value | 1749 | 1749 1573 | 1.255 1255 1225 | 1225 1157 | 0987 | 0987 | 0.987 | 1120 | 0997 0.868
—B—DoubleUvalue| 1.379 | 1379 | 1340 | 1.045 | 1045 | 0998 0998 | 1020 | 0714 | 0714 | 0714 | 0972 | 0.701 | 0698
—s—TripleU~value | 1340 | 1340 1319 | 1.021 1021 0972 | 0972 1008 | 0686 | 0.686 | 0.686 | 0.958 | 0.67% 0.677
— O+ '
Low—e Fe| dsdt |XR|0f 2 Glazing SHGC H|w!
0.700
. A
0.500
“ﬁ_-_’
0.400 ///‘\\\I—_-I///.a\\'//)k
0.300 //A\\ AN //AQT\““i"#r//‘-—_*\\ﬁ o—
0.200 :
0.100
0.000
2 ‘ #3 ‘ 2,3 ) ‘ 43 ‘ Ha ‘ 5 ‘ 2,3 ‘ 42,4 ‘ 42,5 ‘ 43,5 ‘ #a,5 ‘ #2,3,5 ‘ 42,4,5
zzg0) u=sae
—e—singleSHGC | 0617 | 0660 | 0589 0552 | 0586 | 0545 | 0568 0529 | 0508 | 0519 | 0546 | 0519 | 0499 | 0.481
—m—Double SHGC| 0377 | 0451 | 0356 0344 | 0407 | 0374 | 0422 | 0322 | 0300 | 0320 | 0365 0358 | 0296 | 0297
—+—TripleSHGC | 0272 | 0372 | 0256 | 0249 | 0335 | 0279 | 0363 0231 | 0210 | 0.233 | 0293 | 0266 | 0.208 | 0.207
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2.704

2.5

2.0

1.5

1.0

0.5

0.0
Clear(air)

mU-value(W/m2K) ®SHGC mVLT

Clear(argon95%) Low-e(air) Low-e(argon95%) Low-e(krypton 95%)

o SER2Q ZS(AHO|A) 2tA0 e g5 2Z(NFRC 7|1F)

1.8

16 | 1.552

Argon 95% 8mm

222 2025 U=SHURE7IAL Bl

o
=

m U-value(W/m2K) mSHGC wVLT

Argon 95% 10mm Argon 95% 12mm Argon 95% 14mm Argon 95% 16mm



[B3] #& A HEH S
= —, ;
@© Glazing Edge MASUZE (W) 2|28}
Z== 0 =
HEE SF A g5
CHROMATECH CHROMATECH . . .
Spacer plus CHROMATECH ultra Swissspacer TGl Thermix TXN SS Triseal TPS
1 0
- = P | I
Various
Supplier Rolltech Rolitech Rolltech Saint Gobain Technoform Ensinger Edgetech Sealant
Supplier
Spacer bar Homogeneous Homogeneous Stainless steel Composit - Composit - Composit - . .
system Stainless steel Stainless steel with PC bridge plastic plastic plastic Sliicona foam | Thermoplastic
. Polypropylene Silicone with
Insulating Polycarbonate / Isobutylen /
Material SST0,15 mm SST0,18 mm Polycarbonate fibreglass Polypropylene | fibreglass  desiccant desiccant
armed implemented
. SST 0.01mm/ Multilayer
Damp barrier SST 0,15 mm SST 0,18 mm SST0.10 mm Alum Foil SST0,10mm | SST0,10 mm plastic spray Isobutylen
roll forming & Extruded; Lenhardt
" ! Extruded & SSTIPP- g
Production Roll forming Roll forming connect with separate foil SST/PP fibreglass separate Foil & Robot
technology polycarbonat anplication Co-extrusion co-extrusion Acrylic glue application
bridge PP ust application from drums
pp
PSlvalue
WimK 0,051 0,051 0,041 0,034-0,045 0,044 0,041 0,035 0,039
PVC frame
- Variations with . . §
Corrugated Traditional e . PP Fiberglas & Triseal with Butyl !
Remarks austenitic SST austenitic S5T Austentic SST shell different damp Femitic steel & | ) o Moisture barrier - diff Themoglastic
&PCTop bamier foils & diff. PP spacer
profile standard profile Paivalues barrier Moisture barmier
xtO = SEALS 0|5
el g S P HEUS AE
= Sh= o J= AR o ot s X
TEUSS AtEot= A0| 72/9 HEEsH =50 HH, 28 & HRl0M R0S Jeks A1 118 22

Example: Frame with U; 1.2 -

Insulating Glass Unit with Ug 1.1 (940 x 1048 mm)

Spacer type PSI Exact Uw Rounded
Value value acc. to
[Wim K] [Wim? K] EN 10077
Aluminum 0.085 1.368 1.4
Stainless Steel 0.15 0.050 1.270 1.3
Extruded PP with Ferritic Steel foil 0.044 1.254 1.3
Extruded PC hybrid spacer with 0.041 1.245 1.2
austenitic Steel foil
Flexible silicone 0.035 1.229 1.2
[ZHEMZ0) T2 HEds 7|0]
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- 101kPa] 210 S| HISHS 100 48 AN
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0 001 100

2&(t)

=4 dS cycled| T

EVAPORATOR COIL CONDENSER COIL

A2 0%(71H)

=

LEXPANSION] b xeore)
", VALVE LQUID
REFRIGERANT

o
o) 2 WHOHDH SE|D YUY T|(As)

ouTt

COLD LOW PHES - EXPANSION WARM HIGH PRESS)H
LIQUID (35%) VALVE LQuip (1207
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OF= L = LHE=
2UEA WS cycle HE H(YFA AS7))
Low pressure 4|P High pressure
Low-pressure vapor Suction valve Discharge valve High-pressure vapor
w N l PO Cool
armer water == 1 , . i
returns == l - BECHERCEGRE. COT;:?ng \
Warm Vapor Compressor Vapor
Space
lin Piston
Cooling Cool Vapor Liquid
—, Y ~%- Warmer water
1 7 to cooling tower
Closed refrigeran cycle Engh -pressure liquid
| Expansion valve | Condenser

\ Chilied water S
Low pressure {Ip High pressure

Schematic arrangement of the compressive refrigeration cycle (piston type compressor)

A=A dS cyclel £
@ Chilled Water(d4£2)0lX{ Condenser Water(dZt%~, Cooling Waten2 & M
@ 'HOHC| HSHSZ)2t 7|2HS L)l BH=01 2J5H cycle T
- diil= 282 22t 2=0iIA 7[H| Ak

of7| fle HSHe|Of0F B

2 S46t= M2 2&5H| Yol Y=E11
2 AR IS

- vt ES
29| IiAM|(medium)= &

G HEZ9

e

o4 o1 IéIJQL

tSot/| ol M= S5

O
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[BA4] B4ALS7| U HHAIAY
© S+ 43 cycle
iyl 2| (BR 37K 2218 E4)
@ UHIE 7|MISEH= A7 |7] floliM = T 29l 7|2HE0| 2
- 7 M7 SEE0 WHME = HEE I, O] B2 CIA| Y&
- Z2EHNOZ, SH0| JEHt A 2 Y BE S+ EeYE
@ 2 22 HIS/8F 2= Yo &
- 101kPal| &f=0lM Z2| HISTEZ 100
- 00| ZUASIH HIEXE ZtA
® o HHS2 EFet 57|15 S4oh= det g
- £37|= LiBr +=820|Lt Ammoniadi| 2[aH 4=
- Desiccant2fil =&
S4A YIS cycle?] T
[13°C)
I IA ! — RETURN
B. LR : WATER (55°)
T T L Space
. s . ¥ CHILLED Cooling
- ket LV, v .WATER(45°)

— LITHIUM ™ ——] = o
—- BROMIDE- — = WATER — =
— e
g47] 57|

@ Chamber A(Z&7|)of|AM 20|

(7°C]

s, 0] 2H0|M Chilled Water CoiloilA & g4

@ £37|+= LiBroj| QJ8lf E4-E&|= Chamber B(§+7|)2 0|5
® ZUX O, 57|20 YASIT, O S 20| SH(A)SI0 $2A2HH x|
@ FOZTILiBr +8U2 O 0|4 E2 401K RE HEZ 3| (WSA0IZ0| § 014 X|&£E|X| )
5] coo &
| =L
VAROR ,ﬁ Space
OUTPUT Cooling
CHILLED
— LITHUM e = WATER
_~ ~ BROMIDE |0 — __WATER ]
2 LITHIUM g A © WSIEI 22 Chamber A(ZEY|)E 0|5
5 BROMIDE T = =
2¢ SOLUTION = :
8 D
® H2 LiBr2 Chamber C(X{A2[)2 cle
N Har,, Chamber D(S=2])0ll RYE #3217t H2- S=E(I0 22 A3}
=8t610] Jtd & - sH(TISH LiBr X)) WATER N . .
® FI5tLiBr 28912 REGENERATOR | VAPOR CONDENSER $BII18 8F617| 2l ‘W24 33, 0] A0 23l 222 HiH)
XISHLiBr =242 7| 27|
CtA| Chamber B(g7))2 MY WASTE
FEAT GIVEN
OFF
4P P
[o:}

=]

INPUT

@ Chamber C(X{AH47]) 7t &0l M

£Z7|= 22|£|0f Chamber D(Z

=2 olIE
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24| WS oycle HE 0 (BAAEST))

job

Haot vapor
/2D
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ey s0lution
waler )
ot 4
m e
M - ar hat
Condaenser Concentrator water
in
Concantrated Heat
solution —— gxchanger
10
{:mlti1..-z||:|f_q.f.,ar !_ l_ |
F i)
Chilled
watar TN T . w——_ -
% = | — Cooling
n == ) % watar
in

N —l -

Ewapnratur W

2 =

Evaporator Solution
recirculating pump
pump

ANl LHEE CyCl€9| EA‘I

T 1 OO

/ol

Mot

@ Chilled Water(‘di2~)H|A Condenser Water('iZt4, Cooling Watern 2 & ™Y
Z24(HOH)Q} Lithium Bromide(E4-H|) Al

- CFCsLt HCFCsE= AFRE|X| &2

- Chilled Water=2H = #HS7| 2lof, ZSH M= ¥

- pumplt 7|[Ef moving partsE ZQZ 6tX| 4oLt 2l ZQ (Direct fired, Indirect fired)

- &=7| 7t=S I8t high—grade energy(electricity)tiAl, RA7| 7t5S 9ISt lower—grade heat A2
(HIZ & &2H0|X|2t 2=A] cycle O|X O 2 energy advantage?t U

- Solar Energylt, THE source22HO| MUMOZ &2 20| HE SO Z XM
@ LFA cycleZlt 2 22H
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B QAT|&

2 EERES

® 43717102 HiE

1. dS21210iM EHE 22| : &4 '4S212| Remind
® 3V|(Evaporator) coil 22 E 8=7|(Condenser) coil2 ¥ ™ (-~ pumping)
@ 2%7|0|M H2toiH|(Cooling Medium)E S8l £ 2 Hi=
Low pressure 4|) High pressure
Low-pressure vapor Suction valve l Discharge valve High-pressure vapor
Warmer water s 1 Cool .
returns - ) | (T condensing \
& water
Warm Vapor : Compressor Vapor
Space ﬁ
s Piston
Cooling Cool Vapor Liguid
\ / - ':/ = Warmer water
o to cooling tower
Chilied waterEL. i S

— ycle ngh pressure liquid
Expansmn valve Condenser

Low pressure (lp High pressure

Schematic arrangement of the compressive refrigeration cycle (piston type compressor)

0

® HiE S fIet H2oliA|(Cooling Medium)oi| IHE A S2| 12

- B4 50| 1 318 0188 3571 2
- 244 57| : B(Y244, Cooling Water)2 0188 S57| 42t » Y2HAE 5] FH| Lo (Y2E)

MECH. EQUIP. ROOM i::.r AN
\
|
@ HiE 282 =017| floh, d2f==2t 2| F57|7F BEoh= HAES 2[0Sl Qe = M|

(@]
O WZ==0| 7| =2 620 IE 12
- 7§2f&(Open Circuit)
- U 3H(Closed Circuit)
@ HZHE LHOA W22t Z7(9] S5 dhekl| ME &
- H&FE3(Counter Flow)
=
2

o
_I_!DL

34(Cross Flow)
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70| L7 |0f FHEH

of Qld}
=

H2HES
£t (Open Circuit Type)

7 LH7|01| RO, W20 2R Z7(2F &

7t gl= _|

@ U2 (Counter Flow Type)
A==
sol &2 gArEl(H i
ols =

= A .

N

-2717t3s
— O] I, LWFAﬂEI_HHJ

-3l

[B4]

\I

1 ;I_

KXol &
‘JF |:I:-I0'|EE’:| 17'0"
M Lo ez S2H &
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@ 2 W=3(Cross Flow Type)
= Y50 U= FHZE SH7M ST Y2|0|H|0|EE +~E O30t

Fan2 /5101 2% 0|S510] 402 £5
L

3

- =2 Y4 JTUE G 220 20 STME X off 22 UL S7|0f 2ok &2t
- ST LHOIN d2t==2F 5717} X1t & w et

Chxil

UH S W2t (Closed Circuit Type)

2 TH S
O 27t ZHE TLOHN =2=|H, 2/R0= 2= ZAtel0] Algok= Y4

- S0z 220 == SAGHH A
- A2E0= 2 Wil B34S 241, 27| 0|EotH 2
@ 3T ¢4

[«

| —
| e 1
D8 )
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1. Nobert Lechner, 2015, Heating, Cooling, Lighting—Sustainable Design Method for Architects(4th), Wiley.
2. Richard R. Jains, William K.Y. Tao, 2019, Mechanical and electrical systems in buildings, Pearson.
3. Walter T. Grondzik, Alison G. Kwok, 2015, Mechanical and Electrical Equipment for Buildings(12th), Wiley.

4. 48N, 48H, 2, H=24, 0150, 853, =&, 2015, AFGHNAH, 7I2S.
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© OILIXIEE SHAS I3t AIAH A2l wat

o NS0UX| &8
- XIHE |, XIHRHZ -) Active Systemdt s, S|
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- BHIE e
- A EE
o AMAE TS E35}
- UHOHXIS| EAS}
HESESE MY
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o H3|A A|AEIC| HMR

o NSHO & oK 2 e AR 28
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© S&2A9 524

4 )

Daylight
Acoustic
Noise &Vibration

Plumbing &
Fire Protection

Electrical & Special Facade Engineering
lighting Consultant Environmental physics
Engineer Aero-physics(CFD)

Project

Manager
-g / Special Systems
Architect N D

Facility Management

Data & Structure &
Security C!vil
Consultant Engineer

Landscape
Architect

Interior
Designer

1. Norbert Lechner, Heating, Cooling, Lighting Design Methods for Architects, 2005
2. ASHRAE, Standard 90.1 Energy Standard for Buildings Except Low—Rise Residential Buildings, 2019
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[B5] OUXgsdtdaHl7lE

Flow (60 - 43 °C) © Air heater Heating unit Boiler

S ET=e
|

Collector Eag

Concentrator  Condenser

320

. -
2 _Evaporator | E? ‘7°ng

277

Absorber

Absorption chiller

Cooling tower
Distrit heat

,,,,,,,,,,,,, S SRS |

13 £X: Klaus daniels, Advanced building systems, 2003
Cold water (service water) 12°

iy 844 57| PHOE BEHE YUAAY 2BE e e
CHA| L =Z Q| 28 © THX| LHOM A, A= BE 25 1

TS(W/m') HHI(W/m')
- XIQF TXHHS2|(Y = .
ALY EEHZE X|'o, J—XHI |TI'E|( A|'-|-0f ) Pa_SSNS
- 2Juje| HHYS HKHB ot A racp
ALESE A - HEYEX (HIHEZX, Task+ambient —<'5_._) T RHFAI
253U - Task-ambient Lighting EN=[SON
- 112 Wit KL Lf - SARLtE)
SR - FERL ASIBEHIEEX) - 2R Asiag 2|2
ol0)|L4 K| X2t COP =L
PR - Uziiol 8 50 Y 18 E A 48 S =t

1 AHU  tH ROOM

; Ht s Iil!l

U of|LXIQ] 2|t
- Y S2HE 87| Al
- AFRA SOM HHASZ0] oHF S2EE AEol 57[6t] o E= Ho=2 2|H
- Y M oIF FE AIAH
- AR M 2ZX0M S7|=E2 MY S7(0  Hlo SERE0| E23(E7| 22 YA 2~4 T =,
HEIA| 2-3 C R 35 7ts, 2714 712 57
- HEAQZIIIE 20 M HU ks
- 139Y 38X Task & ambient air-conditioning systems
- HEMO 2= OfolH| SXE MiSotil 2f MaA ZXMUM SEHO2 MAAt MS 0| T 57|

243



2
Y
I/A Pressure cavity p
— i
P = — Figure 6.97.1 Figure 6.97.2
X s Ry B B =3 ~ =3 Schematic of desk ventilation, Ai ly vi
HYS7 |- HNE| HIEE7 |~ R 2| o e

furnishings

v Fcu-J

132 £X: Klaus daniels, Advanced building systems, 2003
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GFAILO| HIHEZAIAY HE O]

o 25 + Mt XH (Task & Ambient Lighting)

AIA1H(Task)0l= MO ZEARHO 2 RH5}1 7|EFEH(Ambient) 0| CHEI0= AIX RHEIAIS M2
- 228 MERY + Xt 2
— Mo a2y U (KUY X, FH|T 2E)
- 158 JYS(E= LED) ME
7|Eet b0t
330 330
330 500 ~ 550
AH|EE(W) 639 543
e 100% 85%
HZHIB(%) ’ °
L= =2 - 0,
TA X3 HHEE S/ HI8 100% 150 ~ 200%
o IES M| L 717| MY (BY/HHS/AHT/ZE) EHUH LI OIA)
ekl - A
- W=7 COP: E{2 6.0 014 / 441 1.3 04 - 1aE(MEaY) HYY|
- 29 81 90% Ol -~ xoy
- G388 MW §8: 70% 014 (TS+EE) - LED X%, THIARS I, XY RES
- BES717]

- 3871, BE 25 70% OlY
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@ d8sPVEES SR A ds

= = - Most Efficient Residential Solar Panels 2025 *  vs0 vara0zs
< 1&E 25:Mono, N-type, PERC, TOPCon, Half-cut, Singled, HJT, : MBB(Multiple micro-wire, Smart-wire), IBC, MWT/EWT, IBC -
Manufacturer ‘ Model Power Rating Cell Technology Efficiency
. zxssos e
2|23 = 3 455W, 24.3% AIKOF | N | smw e
- maxeon ‘ Maxeon 7 assw e 201%
e Al ®LJ|A = 1152 EHoERX| g L2IH ST cLem 5 )\
4l H8I|20ll ME nag EHHX| a@odat ' -8 Solar Cell Types and Panel Efficiency va| | vinks” |merteosmer| s WiypeToreon na%
= Polycrystalline -15t0 18% ! <com e P
N Monocrystalline -16.5t0 19% 3 QECOM. | shackTiger series | 460w A= 236%
= Polycrystalline PERC -171t019.5% &SPIC | angromedeso | asow v noc 26%
i - 9
- Monocrystall!ne PERC 17.5 to 20% LONGI Solar ‘ HLMO G Scentist | 4S5W e e 3%
. Monocrystalline N-type -19to 20.5%
- Monocrystalline N-type TOPcon -201t022.4% GHUASUN | Himalaya G12R asow NTe tT 20%
. Monocrystalline N-type HJT -20.5t022.6% S¥ CanadianSolar | TOPHiKuG a70w NType TOPeon 20%
- Monocrystalline N-type IBC -2081022.8% &8 WINACD | WST-NGX-D3 asow N-Type TOPeon 220%
B LM‘? Solar Panel Efficiency - Cell type comparison chart * Trinasolar Vertex 5+ 255w N-Type ToPCon 28%
Poly PERC Mono PERC Half-cut Mono PERC Shingled Mono PERC ‘
2 R Py 2850 999158 @ wsoLar [RepowerNGizRas|  assw NType ToPeon 28%
2 JASOLAR Deep Blue 4.0 assw NType TOPeon 28%
22
§ 20 I DASOLAR DAS-DHIENE assw NType TOPcon 28%
2
g I Q seorcor | ssronss sasw ——
E 18
s REC | mproruens | 470w W 6%
16 BHONO ‘ Helios 40w NeType T 25%
£ ! QCEUS | amonmer | 0w W Type Topcon 25%
14 ——
Poly Mono Poly PERC  Mono PERC N-Type TOPcon N-Type HIT  N-type IBC Mona BERG MG N-iype T0Pcon N-Type HIT N-Typa Back Contact vingiESLAr ‘ Panda 3.0 Mini aa0W N-Type TOPCon 25%
20-21.8% 21-22.5% 21-23% 21-24% e
W, info L n info SHARP NU-IC440 asow N-Type TOPcon 225%

4 : https://www.cleanenergyreviews.| |nfo/ * Residential panels - 54, 60. 66 celis (108, 120. 132HC), or 96 & 104 full cell. Does not Include commerclal panels >2m

PVEE £Z0M 28 74N 26t 7|22 THEH, PERC, N-type, TOPcon, HJT & Bi71EH IBC 7|& S
20254 58 7|& MR35t £2Z0| MA 2|11 s BE2 AIKOALS| n—type ABC ZE(E2 485\, &8 24.3%)

264 2025 HESHUREI A Bul=



[B.6] EHE, BIPV AH| 7|&
®© PV AIARIS L8940t 7|5

[ PVAHAL ]
PV Power \ PV generator

PVEE 47[ PVE-E PV module
* Panel, string, array

] Junctlon boxes 47[ CEXFS Junction box
aF
bypassdmdes B4, Diodes

[J [ 01010 | DC Switch Panel - ""° switches
I load switches < [ DCE Y DC connection box

2 blu(k ing switches
- DC BHEY, HTH

- fuses
Protection o 5
PCS (Power Conditioning Unit)

V.
AC consumers

a

MPPT )
Protection
DC - over voltage
T - over current o
AS  carth leakage detector - [ QIH{E] Inverter or PCS -
« DC/AC gz MPPT, E3,

MPPT : macimum power point tracker YR
| olbg
— . - "

Protection devices / Utility grid interface
[ LotAH|

Building main o oy Loads
Al switchboord s 73 © Xp7hAH|

Net meter

///[ HHZAZI| Net or Dual meter
“ - ST A>T, 2o
HHE ATIASAA)

AC Mains isolator

 E—
KWh Meter| prtering System
E
i —
Two-way Ol et
- (PVALE - Rp7haH])

( Isolation Switch

PVEES Sofl ditd A77I= éE%' = 02f0] 2= %5H DCE&HCZ Y

&A= 2Etel 321 22758 MiE, DCHRE 20t 2IHE = HiEE

QHE(E= PCS)OIAM = PVREMAM MitE XSS nRHHAO0 2 HSSI] X7t 5L ASH STg!
QIHE LiR0= DC/AC Sk 9|0l U 2o /I8 MPPT X082t CiYst HS 5|2 LI

=Al L My DLEHZ 32 W, RTU 8 AX|E A 0y £8E 7
ﬂﬂﬁi %ﬂ% A2 AE W FoPH EXE 4 U AVAH|, QUN UMA| AS2E JEX
Ol5t 4 5ILIO| MBZAH|Z net metering 715, 2 dual metering ZR
ASHA 7} £|X| b= 7122 4 ESS S HX|=0{0F YN &8 THs

>
o
=]
¢
gl
10
N
N
(s}
o
o
9'|_|
N

265



B QA&

© PV A|ARIO| JHEY EFtE U

[PVEXAE ol Al 2A]

+ 22| A "HEQY B 1,000m? F 50%2| Hoj

Pvel HXPt Jkse 2 ZALICE OFE 4ol

PVAIAHY dX & ? en, ojn Yast
=

[PVRE ©8 10%] [PVRE B8 20%] ﬁﬁ&llﬂ T2t J|E £ U= o |ditzko]
fish FHEFH O 2 HLtslf 2M|Q.
A\rMass=1E.'5 . O\EEH EEOI BES 20%= 1A, dEraEm
Temp. =25°C AN Q2h DL RS AR AT WY
YA CHY| QF 70% £Z 0 2 To}siC),
= 1000 w/m?

M=zt
O T o7 e A sje T
b | ! JEmm——— ‘= _
] i 1
If, 1 Q 1
. ] “ pv - Efficiency |
[P U0 : . » Capacity :
: ; h * Area :
. BEM = . 52 = — " N, - Vield
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@© BIPV HEIHQ| 7|=oigit AARE | &i01d2] T2{CtY Hat

o

HZHEMZE (kWh/kwp)

10M|CH Al 012 =Eel

R ET

A 814 m2, HFA 22

Red/brown digital ceramic printed,
monocrystalline G2G type frameless
BIPV module

HEAEC| e TN 20t XS0l EfuH
EfjO| TSty | AX|HbAl
74kWp, 800m2

(& : http://www.scherrer.biz/)

ali2| FHAE BIPV &= Aldl, Wohnhuas Solaris, Zurich, 2017

(B2l =HAH gBlP@ %hn as Solarls Zurich, 2017)

Tk\\ 4 -

1.6 hr/day

2.7 hr/day

[ HN HYFLUHL : 560 kWh/kWp.yr, 1.5
1200 hr/day 1
1000 990
922

(£ : http://www.pvaustria.at)
BIPV 2|I| 9|X|'8 ZHEF (ZH7|t o 5x)

CIos3t SIRIO XIS 2 DESOIM MALE O17F U OAI3H ZTHAS T24T)
7 BB MRIRZION HE ZAIR O, S5 AXIBI0) MAIE BIPV R59| ZP Of 1 479 WHYSS BY
SRO| HOIE O EA| £84 SAISHL BE FI0) S ATe| BIPV BES X8ok= AfR 2ith 7|
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® BIPV A|AEI M52 M| T2QA: MR|1ZE, 2 8F | & Temperature

Normalized efficiency

( ElYHT SRY 254 54 ) ( am 0 Pvesse 2EAs SR 22t ( umzepvesse ecis sAgs 2L )
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o
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EIYTR = 27t 4&otH &
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© BIPV AJAH] M523 M7 T2QA: MX|ZE, 2%

( 2uixiers axatey o2 pvasaie woam 20148 ) ( 2 K MAAEY SLTUTE 0I5 =27, 20234 )
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© BIPV AAH d5 Si0h AX[Z: 2EA

23 % 5 WUIx| S| AZLH AR
(2FFH, 2020 ~ 2022)

S ZAXISH LRI
CHS3E RIPY, €AY, 2020

cAXRIK] - HE @#FZ FoIH

< dX 8% :17.16 kWp

«BE 8% :325Wp, 390 Wp

CREE 48 %

- ez : ©¥(6.435kWp), 58(6.890kWp)
- BAZ z18”

(54 : The Assessments of Operational Performance for 1
North-facing PV System based on Measured Data, Journal of # . | ki / \
KSES, Vol.42, No.5, 2022) - S e = 7 1 ] =X : OREAD

s QIZ0 I, B U S0 O 17kWpol EIYRDE MXI(ZAZL HEF U 25 18°)
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FEET:
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® Water pump & Heat pump

."
———
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® An example of EHP | EHP Of|A|

(a) Heat engine (b) Refrigerator

Oh=Q + W

» More heat is exhausted to the kitchen than is removed from the refrigerator

What is the COP?
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@® Electric Heat Pump (summer case)

Low prassure 4|W High pressure
Low-prassure vapor Suction valve Discharge valve Ve High-pressure vapor
1 Cool
Warmer water ===l — 1 _r {r — — _ongensing
returns T AR ENRG AR EAS S AT NICIEE "dens
Warm Vapor Ggmprgggor AR i Vapor
o B
Piston WIIAD:
Cool Vapor e Liquid
GRACAS N
%.,E_gc*_ Warmer water
f?f.' 1T =210 cooling towar
Chilled water ——go s N E————
S Closed refrigerant cycle High pressure liquid
Evaporator Expansion valve Condenser

Low pressure 4} High pressure

AU (ex. 25°C) I 49| (ex. 35°C)
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® COP in GCHP vs. EHP

(°F) (°F)

40 60 80 100 120 20 40 60 80

[rrrrrrprrrrpr ] rrrrrr T

I ing 1 Heatin

8 [ Coollng__ gL g ]
oGl 1 a4t ]
o °F o
O | o

0 10 20 30 40 50 -10 0 10 20 30

Inlet fluid temperature (°C) Inlet fluid temperature (°C)
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Heat and moisture gain

Cooling Tower
Major heat disposal here

Pt

S

—

Condenser Water
Carries the heat to
the coaling tower

Shell and Tube Heat Exchangers

Heat Gain
Solar and transmission Exhaust
Some heat lost
\ Ventilation
\ & ‘
\ N
\ S 4 :
e g
-~
1 7 ~
| Heat and
moisture
=3
Chilled Water
F Serves the air-
. handiing unit
Air and vapor Fan 5
'

Air-Handling

Cooling and dehumidification

Water

Water
pump

Evaporator Compressor Condenser
Compressive refrigeration cycle
(could be an absorption machine)

To additional units

4 —y__Manual season heating/
EF): cooling master switch
welingmaste

24 Pum

S
:

2L

Ay
\
Heat pump-} \\
4 Pressure relief tank

Heat pump
temperature controls

=/

at coils here
[ Pump
:ﬂ 1
= = iH 1T W:— =i
W7 tEfT} ZSHE PNl SlE T Xl 3]

1. Mechanical and electrical equipment for buildings, W.T. Grondzik and A.G.Kwok,12ed

2. Presentation of ECW, Geothermal Heat Pump Systems: From Basics to Hybrids

o

202 2025 ZESUUXZII} 240
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R X507 ojslet £

® Systems can be combined to give optimal solution
» Adopted system will depend on the local geology, geography and geometry

Borehole HX

CLOSED LqOP
BUREHCI‘E
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Configuration
500m deep
12-15m away from others
Typically X6 (vs. BHE)

Direct contact
Higher heat transfer rate

Well field size is smaller
Fewer wells required

Difficult in sizing

294 2025 HESHUREI A Bul=

Ground Surface

(unconsolidated)

Soil

Steel Casing

—

(consolidated)

Rock

borehole wall (uncased)
typically ~ &6 in. dia.

conduction through

pipe walls

convective mixing
in borehole

conduction + convection
at borehole wall

| perforated intake area

| Deptn = several hundred feet

|

submersible pump

(if installed)

-

water
recharge to
formation

T

buoyancy-driven
flow in formation

===

| heat advected by regional ground water flow |

L 4
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Drilling

Borehole HX

U-pipe

BOREHOLE

Grouting
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© 20{= X|So|EHI A|AH

Heat pump

g,

<&

Load

other heat pumps
T
-+ in,ground
pump
P O—

to other boreholes

Grout

T .

g /‘ qu Plpe

111
hd

Ground heat exchanger
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out,ground

b
f
E—
I 1
Borehole Ground

Diepth (z)

Temperature T (z)

15m

S0m

100m

150m

T v
g
S

>

Jan-Feh
<~ July

= Average ground temp.

Slope due to
geathermal
gradient

e



@ K= 2 H3} with BHEs

Temperature (

EWT
Ground

Years

20

25

30

© & MY ZAOIE

1. https://www.tccmaterials.com/product/tenon-thermaseal-geothermal—-grout/
2. https://www.changeenvironmental.com/project/geothermal-design/

3. https://www.profs.polymtl.ca/michel.bernier/Open_geo.htm

[B.7] XESIEHI MH| 7|&
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To size (determine the length) properly:

Under-sized
! \
e ot ?
Over-sized
L ? \’
?

o|EHI2| SourceZ Hof — X|SF ot

Acceptable Temp. to HP
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® Impact of the length of GHX

40 T T 40 T T T T T —
- [ L= 39 °C
35| L=75m . i 350 L=67.5m “ ]
325°C t
30f 8 30t ‘ | \ E
— 25f . — 25 \ I .
) o w
% 20+ g g 20r | B
£ 15; . £ 150 :
7] (0]
= — r \
10 . 10 | q
I ) I
5t Consommation annuelle des PAC ‘l Consommation annuelle des PAC g
I
ok 15°C 3300 kWh ] 0 o 3500 kWh ]
-16°C
5 s 1 L 1 ' I s 1 5 1 1 L 1
0 2000 4000 6000 8000 0 2000 4000 6000 8000
Heure de I'année [hr] Heure de I'année [hr]

building
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AS/RIE ol GLHEPro
GLD software
EED
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ORNES

=R

EE

Qo

2.7 W/mK
2.6 W/mK
2.5 W/mK
2.4 W/mK
2.3 W/mK

2.2 W/mK

H| 7|&

[B.7] XZoEHE A
Data Acquisition —] [ ][ ]
Amp Volt
Flow meter FEEEE
Insulation
Vi O W
/
Pump Heater

Ground Heat Exchange
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Heating load = 1 kW

)

b

333 W —

v

( 667 W

(needed from
the source)

302 2025 A=ZSOIHXIEI A &

O

COP =3

Cooling load

T

=1kW

5

COP =3

A

— 333 W

|

I

1333 W

(rejected to
the sink)

|

building & ground load (kW)
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Maximum daily building load
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Figure 5. Simulation results for the EWTs (A: GLHE; B: DST and TRNOPT).
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@® Sizing W& I
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1. BAZA| ME XY SH 242 X107 =21 X|F wety| 20| P80 0jXl= I, 2014, dH|Ssh==d

2. Optimal Sizing of Irregularly Arranged Boreholes Using Duct-Storage Model, 2019, Sustainability

3. Proposition of Design Capacity of Borehole Heat Exchangers for Use in the Schematic-Design Stage,
2021, Energies

4. N5 Q& SOl Ko 22 2016, 7 |H 83
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A=TX| 2Y| 7|=

El
Ho
i
FH

* AT (2

* AR K| A2t B2

* HZMR|9 =2
HEMX| MH| 7] *xH{RFX|Q 0|2M &8

* s MALS| 2|

* AN 22| 2H|

* IR FX|O| O|2H

B =75 (Fuel Cell)2| ofsH

© A=K

o A=TR0|A] =kstO|LAX|OAS] H70UX =] Her2 & AT 7I2: 220 Met=X| s

CONVENTIONAL FUEL
COMBUSTION CELL

CHEMICAL CHEMICAL
ENERGY ENERGY

| /

(
Cw ) ()
:
(

|

MECHANICAL
MOTION

ELECTRICITY )
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@ z|x9| Az ™X|(Fuel Cell)

1839 =2o] 22| T2 H(William Robert Grove)0f| 2|aH

[B.8] HaXX 4H|7|s

AAZ 022 5= £|XO| HF XA AE O HIA

First Fuel Cell

Sir William Robert Grove, (11
July 1811 — 1 August 1896) was a
Welsh judge and physical
scientist. He invented the first fuel
cell in 1839.

© S=HX|Q] 7|z EH

Grove's 1839 gas voltaic
battery diagram

Water

L e
—

1889 Ludwig Mond®t Langer, LA di2 M20|| 7tAS 22610 HYHML 6.5 mA/mf, 0.73VE S 4

U= HiE=] A2

Ludwig
Mond and
Charles
Langer
(1889)
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1032 TaHA|A EOFA H|0|Z4(Francis T. Bacon)0| A -AtA AR KX|E MAHOZ A|XRISHH EZ4X0
HAZ K| AT A

Francis T. Bacon
(1932) — First
practical fuel cell

GEt2l 35Xl Thomas Grubb2l HZMX|Q| 7|2 CXIQI X
PEM(QL2A} ToHE) HEMX| 100t

General
Electric (1950)
— Proton
Exchange
Membrane
(PEM) Fuel cell
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©® ELEOO| HEXMX| M2

A O]= NASAS| @5 D= THOIM H=MA Pt HHHC 2 ALE
|§ 5| HEFX|Q MUK 22 JisM0| L 24

H— oo

Fuel cell for NASA’s Gemini series
(1960s)

® 2L HZ2HX|(Fuel Cell)

Bumhan 4554

.:E & sFuelcell
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Figure 4.26 Basic configuration of a proton-exchange membrane (PEM) fuel cell.
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@2, 839/t

0l0

Anode: H, —» 2H" 4 2e~
Cathode: 30, +2H +2¢~ — H,0

—> Hy+ 30, —> H,0

HE o AZT|(HY), 2o AEZIST) (1 atm, 25T)

Substance  State H® (kl/mol) §° (klmol-K)

H Gas 217.9 0.114
Ha Gas 0 0.130
0 Gas 247.5 0.161
0O Gas 0 0.205
H.0 Liguid —285.8 0.0699
H,0 Gas —-241.8 0.1888
C Solid 0 0.006
CH, Gas -T74.9 0.186
CO Gas —110.5 0.197
CO- Gas =393.5 0.213
CH;OH Liquid -238.7 0.1268
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1R =H(High Heating Value, HHV)
: 2= Gia 7tA0 0| HF|2 Ltz e HEH
ZH(Low Heating Value, LHV)
LIQ= A 7HA0| Z0| 7|H|= LIS THe| LEH

Off) HIEHCH.)0| CO-2t A H,OZ A3t T HHV([k/mol)E

CHiy(g) + 20.(g) — COs(g)

(—74.9) 2 x (0)

My oguct — Areace = 890.2 kJ/mol
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Substance  State H® (kl/mol) 5 (k)imol-K)
H Gas 217.9 0.114
H. Gas 0 0.130
0 Gas 247.5 0.161
0, Gas 0 0.205
H,0 Liquid —285.8 0.0699
H.0 Gas —241.8 0.1888
C Solid 0 0.006
CHy Gas —74.9 0.186
&3] Gas —1105 0.197
Gas —393.5 0.213
CH;OH Liquid =238.7 0.1268
PN
+ 2H,0()
(—393.5) 2 x (—285.8)
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© A=TKX|Q| EHst

A= TX|0IM Y=Y A0 THE Ol K| XO|(OHX|ZHAA 7181

Enthalpy in H,++ O, — H,0+Energy (W, +Q)

H (0) ++(0) (-285.8)

AHyroquct — AHreace = 285.8 kJ/mal
Energy (W, + Q) = 285.8 kJ/mol

Enthalpy output
WE Substance  State H® (kl/mol) 5 (klmol-K)

H Gas 2179 0.114

H, Gas 0 0.130

. 0 Gas 3375 0.161
Rejected heat 0, Gas 0 0205
H,0 Liquid  —285.8 0.0699
=0 Gas = 0.1888

=, 0|28 Minimum Q2 7& == US.

etA, OI2E Maximum W g E& s

H2+%02—>H20+Q

(0.13) $+*(0.205) (0.0699)

Substance  State  §° (k}/mol-K)

H Gas 0114

H, Gas 0.130

0 Gas 0.161

Q 0 Gas 0.205

AS — = H,>0 Liguid 0.0699
H.0 Gas 0.1888

El]tl'op}" gain 2 Entl-o.py loss Q> (25+27315)((0205/2"‘013)_00699)

0 o
? + Z Spl'OdU(‘l_‘G 2 Z S['eac[:m“ M inimum Q 4845 kJ/m0|

Q = T (Z Sre:wl;lnls - Z Sproducl.\)
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Institut fur Bauphysik, Stuttgart
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against mould
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Software for calculating the coupled heat and moisture transfer in building components

| WUFl{Waeme und Feuchte instationaer, Transient Heat and Moisture)

9|0 =EE OSSR HEQLSHM MY Eo 2AHEHE S5 B2 0|
O|5E YHNCR AMFe 2uE0

Op2|o M GOJEI S H| 2B a0 pC M A 85= 255 ME0|M E2TH
22 Y 7|22 HfE“’E Huat?| o 20 HH Y 7i0E o ojE S HSET
Z2l2oH BP9 HEY HAY HEAHNM B2 5 2 ED A4 H2s ey
AT

255 MEY0M E 24 (Hygrothermal analysis)
» 583 £4 (Critical moisture conditions)
= 44 (Fros)
= 4] (Corrosion)
» ZH0| 24 0% (Microbial growth)

A 2R 2|20 23 & MERTE O

Case: V01 EIFS EPS 50mm OSB11 Wallpaper (Sdi=1,2m)

EERENNBRBIPossN  Oricrtstion/Inclination/Height | Surface Transfer Coeff  Initial Conditions |

Layver Name Thickn. [m]
Oriented Strand Board (density 553 kg/m®) ocon
Material Data |
Exterior (Left Side) Intenor (Right Side)
0004 005 0.011 014 0.010,0095

[@ﬁ Sources, Sinks J

[ #% Newlayer |
| B  Duplicate ]
2x6 5 . 7 u Delete ]

Edit Assembly by:
@ Graph
) Table
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JLocation: SUWONhour wae: wurie|
V08 EIFS EPS 50mm ES812 Intello Wallpaper (Sdi=0,3m)
T - 1
40
M)
>1000 ? 2 -
™H F
a
500 2 9
]
250 =
[] g oo o o oo
[ - 1 1
500 100
[mmik]
=100 — 00— ~5]
T _
- e
- - =
10 E 300 &0 z
t E
a8 5
1H 9200 4 =
£ =
w (- 4
=
0.1 100 20
¥
0.01- & ==  — Tm— 0
0,304 § 12 14 0,1 0,950,935
Resin Finishing Coat esb-Plabe elka strong board P45 INTELL
Mmneral Plaster EPS ISOVER ULTIMATE Klemmiilz - 035 Gypsum Board
Gypsum Board
Cross Section [cm]

1. https://www.proclima.com/
2. https://wissenwiki.de/Hauptseite
3. Leitfaden zur Montage: 2014-03
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Planung

1. Bauart, Wandaufbau, Statik und Fensterlage erarbeiten, ggf. Aufnahme der
Einbausituation vor Ort

2. Fenstermaterial festlegen

SHY

v &

3. Fensterart festlegen
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108 A8UF [d/mth] 31 21 21 21 21 31 21 31 21
Mg AgYS [d/mth) 30 21 2 2 2 30 2 30 22
128 A8YS [d/mth) 31 21 21 21 2 31 2 31 15

BEY B+

o 1 1 1 1 1 0503 1571 0.685 1.964

g 1 1 1 1 1 0.196 1571 0.685 1.964

2% 1 1 1 1 0 0.685 0 0.251 1250

EXL] 1 1.500 1 0818 0818 0514 1.286 1.541 1.875

fagd] 1 1 1 1 1 0314 1571 0.685 1.964
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ECO2 742 [LIR{AY]

215 gAR: &l Eye 25 AR :
45 °C 50 °C 10 °C 12 °C
=5 71.905 66.844 =5 80.390 80.245
AH[MH 20.589 21.159 AHEH 18.140 16.428
=5 74.558 72.198 =5 76.376 77.918
AHIHH 19.319 20916 AH|IHH 19.739 18.775
=5 77.332 77.552 =5 72.363 75.591
AHHH 18.216 20.674 AH|HH 21.338 21.123
LIHICOP 5% / 15% WHICOP 255 / 35%

5% 1 71.905--20.589=3.492
16k 1 77.332--18.216=4.245

25k 1 80.390+-18.140=4.432
355 1 72.363-+-21.338=3.391
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3,320kcal/h(3.86kW)

3,024kcal/h(3.52kW), TRT(CGSRT)

tA COP :
= (240[USRT] x3,024[kcal/h]) =~ (54.9[Nm*/h] x 10,400[kcal/ Nm*])

7|21 COP:
= (400[USRT] % 3,024[kcal/h]) ~

0.745

1.271

1.379
* TUSRT

= (1,360[LPM] x (12-7)[C]) + (228.3[LPM] x (95-55)[C])

{1,400[kg/h] % (663.77[kcal/kg]-37.159[kcal/kg])}
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